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3.0  cttt^'R-tio:: 

3.1  The  general  arrangement  of  the  344--035  con figuration  is  shown  on 

Figure  2  11.  The  configuration  is  shown  in  the  manufactured 
shape  (referred  to  as  the  "cold"  shape K 

A  h-~at  shield  is  sh.wn  covering  the  pilots  -Kind  shield.  This  is 
separated  from  the  glider  at  sup  rsor.ic  speeds.  The  drag  brake, 
sr.ov.r:  or.  top  the  body,  is  actuated  at  subsonic  and  low  supersonic 
speeds,  or.T .  The  '..Inn  tip  extensions,  located  on  the  vertical 
tails,  are  extended  at  supersonic  speeds.  Tr.e  rudders  are  de¬ 
flected  outboard  only. 

The  elevons  are  split  in  two  panels.  This  was  done  to  reduce  the 
sensitivity  of  the  elevons  for  roll  control  at  transonic  and  super¬ 
sonic  speeds  and  at  high  dynaric  pressures  when  the  elevons  have 
high  effectiveness.  In  these  flight  conditions,  roll  commands  are 
transmitted  to  the  inboard  panels  only.  If  a  continuous  signal  is 
required  by  the  adaptive  feature  of  the  flight  control  system,  it 
will  be  transmitted  to  the  inboard  panel  only  to  conserve  A. 
fuel. 

The  inboard  eleven  panel  is  shown  to  have  a  wedged  section  to 
elimi:  ate  possible  "dead"  zones  in  eleven  effectiveness  at  small 
deflections  at  hypersonic  speeds.  This  wedging  is  probably  un¬ 
necessary.  Tr.e  elevon  section  of  the  inboard  panel  has  been  con¬ 
sidered  modified  to  the  same  as  that  outboard  panel  for  the  data 
in  this  document. 

Elevon  actuator  housings,  not  shown  on  the  drawing,  are  located 
on  the  upper  -ring  surface.  Tr.ese  are  positioned  at  approximately 
midspan  of  the  two  elevon  panels  and  extend  forward  of  the  eleven 
hir.~e  line.  Actuators  for  the  rudders  are  loca  ed  in  the  bottom 
section  of  the  vertical  bail. 

A  more  co:  plete  configuration  is  presented  in  Refer-.-r.ee  <2.  . 
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3.2 


eights  a;:d  kcueits  of  i.iertia 


The  desi;7i  weights  and  moments  of  inertia  for  the  glider  vehicle 
are  presented  below. 

For  the  glider  alone  (transition  section  off)* 

TTeight  =  9600  lbs. 

Principal  ISor.ents  of  Inertia  about  C.G.t 
ly=  13,600  slugs  -  ft2  (pitch) 

-  4,000  slugs  -  ft2  (roll) 

12~  21,000  slugs  -  ft2  (yaw) 

The  x  principal  axis  :1s  assumed  parallel  to  glider  rater  lines. 

For  the  9600  lb,  rlider  plus  the  third  stage.  Figure  3.2.1  gives 
tile  moments  of  inertia  during  third  stage  burning,  and  the  rei'hts 
and  the  c inter  of  gravity  locations  at  beginning  and  end  of  third 
stage  burning. 

The  c:nter  of  gravity  location  for  the  glider  alone  is  shown  on 
Figure  33-3  • 
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Notes : 

r«£:  mutually  perpendicular  x,r,  z  Axes 

e/xg£  oa/  r«e  airplane  ,  regardless  op 

FLIGHT  ATTITUDE. 

2)  ANGLE-  of  attack  is  measured  in  the  airplane 
plane  of  symmetry  (x-z  plane),  between  the 

AIRPLANE  X-AXlS  AND  THE  PROJECTION  OF  THE 
IN  INC  VECTOR  INTO  THE  X-Z  PLANE. 

3.)  Angle  of  sideslip  is  measured  in  or  parallel 
-  to  the  plane  defined  by  the  airplane  y-axjs 
AND  THE  wind  vector  ,  between  the  wind 
VECTOR  AND  THE  PROJECTION  OF  THE  AIRPLANE 

x— ax/s^  in  to  the  above- defined  Plane  • 

4-.)  For  the  Dyna  5 oar  &44-ZQ55  configuration. 
The  x-y  plane  /s  paral:.t.l  ■*•«£  flat,  AFT 

PART  OF  THE  WING  UNDERSURFACE. 
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Dn?r’ITIO?>’  OF  SYlfBOIS 

Symbol 

Definition 

a*  c» 

aerodynamic  center 

AH 

aspect  ratio 

b 

wing  span 

B.S, 

body  station 

c,  c.a.o,  or  M.A.C. 

mean  aerody.am&c  chord 

ce 

eleven  chord 

c.g.  or  C.G. 

center  of  gravity 

cr 

wing  root  chord 

ct 

wing  tip  chord 

mi 

hinge  moment 

incidence  angle  of  wing  tip 
extensions 

moment  of  inertia  in  roll 

V 

nonent  of  inertia  in  pitch 

moment  of  inertia  in  yaw 

JL 

rolling  moiaent 

L 

lift  force 

■ 

pitching  moment 

U 

Mach  number  or  pitching  moment 

n 

yawing  moment 

N 

normal  force 

P 

roll  rate 

q 

piut^r  or  dynamic  pressure  in 

PSP 

i 

r 

yaw  rate 

10  OZ-&174-  \ 
- 

««  4  / 

~  -  ’  a 7BO& 


Se  or  Se 

eleven  area  j 

Sr  or  Sr 

mdder  area 

St 

tfing  tip  extension  area 

S* 

wing  area 

V 

velocity 

X 

force  along  X  (roll)  aria 

T 

force  along  T  (pitch)  «-Hi 

oC 

angle  of  attack- 

°^oL 

angle  of  attack  at  aero  lift 

e> 

angle  of  sideslip 

4a 

aileron  deflection  angle 

left  elevon  deflection  angle 

^ePs 

right  elevon  deflection  angle 

c 

o<*  on 

elevon  deflection  angle,  elevens 

deflecting  cog  ther 

4r 

rudder  deflection  angle 

0 

pitch  angle 

<P 

roll  a  agle 

yaw  angle 

A 

wing  taper  ratio 

rolling  moment  coefficient. _ *•_  ,  _ 

c*-p 

-  Vlv) 

clr 

-  SCs./  cSf  V2v) 

Ca-e 

=  ^i/4vi-v) 

C*-5>a 

- 

1 

38 

0OJEf/V£Z  j  *°  OZ'd’7<  \ 

1  2  .Zc 

* 


Cap 

Cnr 


Cn 


°n 


°n  & 

**  b 


cr  < 


sa 


°Xq 

9x 

<V 

*Va> 

■H 


lift  coefficient. 


Cja 

pitching  no  ent  coefficient. 

CD0 

pitching  moment  coefficient 

0 

zero  lift 

Cnq 

=  sc-/ 

*** 

~  <3  c<. 

«<A 

-  Cm/  ^  ^ 

- 

H 


3' 


yawing  moment  coefficient,  K 


"  ^n/  ^  Vrb/2LV) 

"  ^C.n/ 

*  ^Cc/$>e> 

normal  force  coefficient, 

*  ^W&oc 
^  aW^tc/iv,) 

- 

-  Xy 
= 

axial  force  coefiicient, 
side  force  coefficient,  l/<l 

=  ^r/ae. 
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5.1 


IP^HT'TT'AT,  STABILITY  A I'.T)  r Q.  TTQ&  (0LID"H) 
SUfl'ART 


Longitudinal  stability  and  control  data  are  presented  ir  the 
following  sections  for  the  144 -23 5  glider  xonfiguration.  Data 
are  present  .d  thro:.,-h  the  speed  range  of  the  glider.  The  elevor. 
conii  -uration  of  the  glider  has  been  codified  from  the  044-2035  < 

such  that  the  inboard  panel  has  :  o  wedging  (sane  section  as  the  ] 

outboard  panel)  for  the  data  to  be  presented. 

j 

The  glider  aerodynamic  configuration  varies  as  a  function  of  speed.: 
At.  subsonic  and  superso:  ic  speeds,  vring  tip  extensions,  located  on 
une  outboard  surface  cf  the  vertical  tails,  are  extended  for  in- 
crea'sed  stability.  At  hypersonic  spe  ds,  the  glider  is  subjected 
to  high  temperatures  resulting  in  structural  deformation.  Data 
are  presented  for  there  changes  of  configuration. 

formal  force,  axial  force  and  pitching  moment  coefficients  com¬ 
prise  the  da  a  presented  in  the  following  sections.  The  de; a  are 
presented  at  the  nominal  center  of  rravity  position  of  43e  of  the 
f.A.C.  and  a  vertical  c.g.  location  at  water  line  125. 

Srrjaary  curves  of  these  coefficient  data  are  presented  on  Figures 
5.1. »  through  5.1.7.  Trimmed  aerodynamic  center  as  a  function  of 
’inch  number  and  trimmed  lift  coefficient  is  present-  d  on  Figures 
5.1.1  and  5.1.2.  formal  force  curve  slope,  at  tri- med  eleven  de¬ 
flection  for  a  given  C^,  is  presented  on  Firures  5.1.&  and  5-1-7.  A 
minor  amount  of  fairing  was  required  to  produce  thc-se  curves  from 
the  basic  data  to  be  presented,  except  at  1!  =  0.7.  The  data  at 
15  =0.7  produce  appreciable  discontinuities  in  the  curves  and  havB 
been  faired  out  of  the  sunnary  data.  i 
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5.2 


LANDING  SPEFD 


Basic  stability  ar.d  elevon  effectiveness  plots  are  presented  on 
Figures  5.2.. I  and  5.2.2,  for  the  rlider  at  a  Mach  number  typical  of 
landing  speed.  Th°se  data  were  determined  fro:;.  7fir;d  tunnel  tests 
perforr.ed  in  the  A.E.C.  12-Foot  Pressure  T.’ird  Tunnel  and  the 
Boeing  Transonic  hind  Tunnel  on  a  .15  scale  nodel  of  the  344-2  05 
configuration.  These  data  have  been  modified  to  the  844-2035  | 

configuration  as  recuired. 

i 

I 

The  change  in  stability  and  control  effectiveness  with  landing 
gear  extended  and  in  close  proximity  to  the  ground  is  shown  on 
Figure  5.2 .3.  These  data  were  determined  from  wind  tur-nel  tests 
in  the  Boeing  Transonic  hind  Tunnel  on  a  similar  configuration 
a1  2  modified  for  the  present  configuration.  The  incremental 
effect  of  extending  tie  landing  gear  is  shown  on  Figure  5.2-4-.  It 
was  assumed  that  proximity  to  the  ground  would  have  little  effect 
on  these  increments. 

Axial  force  coefficients  as  a  '  action  of  angle  of  attack  are  shown 
on  Figures  5.3-t l  ar.u  5  312.  at  ”=.26  which  is  typical  of  landing. 

The  axial  force  increment  due  tc  landing  gear  extension  is  shown  on 
Figure  5.2.5  .  Axial  force  is  assumed  to  be  unaffected  by  the 
presence  of  the  ground. 
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SUBSONIC  -  TRANSONIC  SPE~DS 


Basic  stability  and  control  effectiveness  data  are  presented  on 
Figures  5.3.1  through  53.10.  Data  are  shorn  at  Ilach  numbers  of  0.5, 
0.7,  0.9,  0.95,  and  1.05  for  both  the  rang  tip  extensions  retracted 
ar.d  extended.  The  data  are  present'd  in  this  fashion  and  for  the 
various  inch  numbers  due  to  the  appreciable  non-linearities  of  the 
aerodynamics.  The  data  are  based  on  results  of  rrind  tunnel  tests 
in  the  Boeing  Transonic  T.'ind  Tunnel  and  preliminary  results  of 
tests  in  the  L.P-.C.  16-Foot  Transonic  V ir.d  Tunnel.  Due  to  the 
preliminary  nature  of  some  of  these  data,  sor.e  modification  to  the 
characteristics  shorn  can  be  anticipaed.  The  tunnel  data  mere 
modified  to  the  current  configuration  by  empirical  and  theoretical 
analysis. 

Data  shown  at  .7=0.7  show  discontinuity  with  the  other  data  as  a 
function  of  Nach  number  as  discussed  in  the  surmary.  These  trends 
of  the  M  =0.7  data  mere  corroborated  to  some  degree  by  the  two 
tunnel  tests  mentioned.  Further  testing  trill  be  done  to  define 
these  data  better. 

Axial  force  data  as  function  of  angle  of  attack  are  shorn  on 
Figure  5.3.  n  for  the  glider  with  wing  tips  extended  and  on  Figure 
5.3  iZ  for  T.ir.g  tips  retracted.  These  data  are  for  the  glider  in 
trimmed  flight. 
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5.4 


SUPERSONIC 


Longitudinal  stability  and  control  characteristics  at  supersonic 
speeds  for  ISach  numbers  of  l.C,  2.0  and  3*5  are  shown  for  tying  tip 
extensicns  retracted,  Figure;.  5.44  through  5.4J5  and  for  tying  tip 
extensions  extended.  Figures  54.i  through  54.3.  These  curves  were 
derived  from  wind  tunnel  tests  performed  in  the  Boeing  Supersonic 
Yond  Tunnel.  The  314-1053  glider  configuration  -as  tested  with 
variations  in  model  components  to  give  parametric  data.  The 
parametric  data  were  corrected  by  theoretical  methods  to  obtain 
predictions  of  pitch  characteristics  on  the  844-2035  configuration. 

Chord  force  coefficient  data  for  the  glider  in  trim  and  with  wing 
tips  extended  are  shown  on  Figure  5.4.7.  Data  with  the  tip  ex¬ 
tensions  retracted  are  shown  on  Figure  5.4.8. 
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hypersonic  SPEEDS 


longitudinal  stability  and  control  characteristics  for  the  "'44’* 
2035  -glider  configuration  are  3ho'.vn  on  Figures  5.5.1  through  5.5  ?. 
Data  are  showi  an  Figure  5.5.!  for  a  liach  number  of  8  and  the  cold 
shape  glider.  This  assumes  the  glider  to  have  the  manufactured, 
or  jig  shape,  configuration.  Data  a^e  snov.-n  on  Figures  5-5.2  and 
5.5.3  at  a  ilach  number  of  S.O  and  22.0  for  the  "hot  shape"  glider. 
Tli is  assumes  that  the  glider  has  assumed  its  maximum  structural 
deformation  due  to  thermal  effects. 

The  presented  are  based  on  wind  tunnel  tests  in  the  following 
facilities  t 

1)  A.E.D.C.  Tunnel  B,  1!  =  8.06 

2)  J.P.L.  21-3hch  Hypersonic  Tunnel,  M— 9.5 

3)  L.R.C.  11-Inch  Hypersonic  Tunnel,  U=9.6 

4)  Boeing  44“Ioch  Hotshrt  Tunnel,  11-16  and  22 

These  data  were  corrected  to  the  present  configuration  by  theoret¬ 
ical  methods  (Modified  Newtonian  Plow  Theory  and  Shock  Expansion 
Theory,  particularly  for  elevon  effectiveness).  The  incremental 
effect  of  the  "hot  shape"  glider  was  determined  by  Modified 
Newtonian  Flow  Theory. 

The  effect  of  altitude  or  Reynolds  number  change  at  a  constant 
Bach  number  is  not  included.  TJork  is  currently  in  progress  in 
th.’s  area.  Some  variation  of  characteristics  between  lf=8  and  22 
car-  also  be  anticipated,  find  tunnel  tests  are  currently  in 
progress  to  define  this  variation. 

Chord  force  data  as  a  function  of  angle  of  attack  for  Kach  numbers 
of  8  and  22  are  presented  on  Figure  554  .  These  data  are  for  the 
glider  trimmed  at  the  various  angles  of  attack. 
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5.6 


SPEED  SHAKES  (DRAG  BRAKE) 


The  incremental  effect  of  extending  the  speed  brakes  on  longi¬ 
tudinal  stability  is  shown  cn  Figure  5.G.I.  Data  are  shovm  at 
the  three  Each  nurbers  where  test  data  have  been  obtained.  The 
test  data  were  obtained  in  the  Boeing  Transonic  and  Supersonic 
Y&r.d  x  am  els  ard  have  been  modified  to  the  present  configuration. 
Further  study  of  speed  brake  location,  to  minimize  trim  and 
stability  changes,  is  being  conducted. 

The  incremental  effect  of  the  speed  brakes  on  axial  force  is  shown 
on  Figure  5.6.2  at  supersonic  and  low  speed. 


EFFECT  OF 
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5.7  ELEVON  AS  AILEROI:  PITCH  COUPUMG 

The  effects  of  symmetrical  eleven  deflection  for  roll  control  on 
pitch  stability  and  trie  at  subsonic  through  supersonic  speeds  are 
shown  on  Figures  5.7.1  ar;d  5.7.2*  The  data  were  estirated  from 
limited  wind  tunnel  data  and  can  be  subject  to  major  revision. 

At  hypersonic  speeds,  the  charges  in  pitching  moment  and  normal 
force  are  presented  as  functions  of  elevon  deflection  and  angle 
of  attack  for  one  elevon  deflected.  Test  data  have  shown  that  the 
deflection  of  one  elevon  has  a  negligible  effect  upon  the  flow 
about  the  other  elevon  at  hypersonic  speeds.  Therefore,  the  effect 
of  aileron  deflection  can  be  obtained  by  adding  the  individual 
.  effects  of  the  two  elevens.  The  increments  in  normal  force  and 
pitching  moment  due  to  deflection  of  one  elevon  are  shown  on 
Figures  5.7.3  through  5  78  for  11=8  and  22.  Elevon  pitch  trim  re¬ 
quirements  for  various  roll  control  deflection  are  shown  on  Figure 
5.73  for  21=8  and  Figure  5.7.6  for  21=22. 
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POTARY  DFU'-'ATIVFS 


The  pitch  da1  .pin-  derivative,  Cu.^/shown  on  Firure  5.8.1  )>  was 
obtained  fro::.  :<ASA  reports  of  sirL.ar  configurations.  These  data 
vrere  also  compared  vith  linear  theory  irnici:  rss  found  to  hx-  in 
reasonable  agreement  at  supersonic  speeds  but  tvss  nearly  double 
the  erpirical  value  at  svbso:  ic  speeds.  Recent  vand  tunnel  data 
were  run  shoning  the  effects  of  arr-le  of  a track  and  oscillation 
frequency  or.  C«»,and  Cm.,  at  lov;  spe  d  in  the  L.°.C.  Free  Flight 
I7ir.d  Tunnel.  Tires  e  data  are  currently  being  analysed.  Additional 
analytical  and  test  -cork  is  being  rone  and  is  plained, to  define 
the  necessary  rotary  derivatives  further. 
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L'GC'Frr  CHARACTERISTICS 


ELEVOH  HI’.’CE 

Variation  of  Ch^  and  Cns  with  ICach  number  is  shown  on  Figure  5.9.1  .  | 
These  data  were  obtained  frcr.i  published  K.A.S.A.  reports  on  similar 
configurations . 

TTind  tunnel  tests  in  the  A.E.C.  Or.itary  rind  Tunnel  have  been 
completed  recently  and  further  testing  is  planned  to  define  tnese 
characteristics  better  as  a  function  of  -‘ach  nurber,  angle  of  attac'c 
and  angle  of  elevon  deflection. 
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Ihc  incremental  effect  cf  ting  tip  extensions.  Located  on  th«  ver¬ 
tical  tails,  on  pitching  notion!  and  ;  err.'.l  forcer  coefficients  i.3 
sr.otn  on  -i •"tires  510.1  ana  5.10.2..  These  fata  are  base!  on  tests  per¬ 
formed  in  tne  A.  R.S.  If— foot  Pressure  wind  Tunnel  and  the  Boeing 
Transonic  and  Supersonic  'find  Tunnels.  It  was  assumed  that  the 
tip  extensicr-  would  na~  only  secondary  effects  on  eleven  effec¬ 
tiveness.  The  data  obtained  were  not  with  the  precise  tip  ex¬ 
tension  can^i'-uratian  for  the  L_»-2035  rliderj  consequently  some 
variation  m  the  increments  shorn  may  be  anticipated. 
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LATERAL  -  DIRECTIf’AL  STA^IUTY  A'T  Cl'TEOL 


The  predicted  force,  ir.oner.t,  and  directional  control  effective- 
os  3  characteristics  are  included  i:  this  section.  The  data  are 
grou  ied  ir.  tne  following  areas.  A  list  of  the  data  in  each  area 
is  presented  at  the  front  of  each  group. 


6.1  Lateral  -  Directional  Si  ability  Characteristics 

6.2  Aileron  Characteristics  and  Effectiveness 

6.3  Rudder  Characteristics  arid  Effectiveness 

6.4  Roll  and  Yaw  Rotary  Derivatives 


The  characteristics  are  presented  for  the  844-2035  configuration, 
Figure  3  hi  .  The  reference  dimensions  on  which  the  characteris¬ 
tics  are  based  are  shown  on  Figure  3.3.3.  All  characteristics  are 
presented  for  cc:  ventional  body  axes  fixed  in  the  vehicle. 
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6.1  LATERAL  -  DIRECTIONAL  STABILITY  CHARACTERISTICS  j 

J 

The  lateral  -  directional  stability  is  .-resented  in  Figures 
through  C.l*\ for  landing  soe-'-d  to. high  hypersonic  speed.  The  yarn¬ 
ing  rao-ent,  rolling  r.o-  ent,  and  side  force  arc  presented  versus 
sideslip  angle  and  angle  of  attack  at  representative  Mach  numbers 
in  order  to  show  the  nor.-linearity  of  the  stability  characteris¬ 
tics.  The  stability  derivatives  ,  C  ,  a:  d  are  also 
presented  versus  l!ach  number  in  order  to  indicate  the  interpolation 
between  liach  numbers  (Figures  U.\  and  These  de¬ 

rivatives  are  preser.-  <-d  only  for  zero  sideslip,  and  because  of  the 
non-linear  rat ire  of  the  stability  characteristics,  should  rot  be 
used  for  large  sideslip  angles.  Stability  characteristics  are 
presented  for  wir.g-tip  extensions  both  retr  cted  and  extended  from 
landing  speed  to  1!  =  3.5- 

The  stability  characteristics  are  presented  at  representative  speed; i 
corresponding  approximately  to  wind  tunnel  test  speeds,  namely, 

11  =  0.25,  .70,  .95?  1.C5,  2.~,  3.5,  8.0  ar.d  22.0.  The  landing  speed 
data  are  based  primarily  on  low  speed  teats  cn  a  si-mil  an  config¬ 
uration  at  the  ARC  12-F  ct  Pressure  Tunnel,  test  122,  and  pre¬ 
liminary  data  from  3T7.T  619.  Effects  of  Reynolds  number  (altitude) 
were  shown  to  be  small .  T  e  stability  atc<-l5°  ar;d  ^  greater  than 
12°  was  extrapolated.  The  incremental  effect  of  extending  the 
landing  rear  and  extending  the  speed  brakes  is  shown  on  Figures 
U.7  and  .  To  data  on  the  influence  of  the  ground  is  currently 
available!  however,  any  effect  of  the  ground  on  yawing  moment  ar.d 
side  force  will  probably  be  negligible,  with  the  major  effect  a 
small  reduction  in  aileron  effectiveness  and  roll  due  to  sideslip 
(dinedral  effect). 

The  transonic  characteristics  were  estimated  from  prelim  inary  data 
from  B7T  623  on  a  similar  glider  configuration.  The  data  have 
been  extrapolated  to  the  current  conf irru~ction  on  the  basis  of 
body  shape,  vertical  ‘nil  size,  location,  and  plar.forr,  ar.d  fold- 
down  wing  t-p  size.  The  static  3' ability  is  currently  minimum  in 
this  sp' ed  range. 

The  supersonic  stability  characteristics  were  obtained  from  tests 
in  the  Boeing  Supersonic  TTir.d  Tunnel  at  Nach  numbers  2.0  and  3*5. 
Since  C  ,  C  £  ,  and  C  y  are  quite  linear  with  in  this 

liach  number  region,  data  are  presented  for  11=3.5  only  (wing  tips 
extended  and  retracted)  on  Figures  (,22.  and  Cm2J  -  These  Figures 
are  representative  of  the  vari*  tic:,  of  these  coefficients  versus 
/S>  throughout  the  supersonic  region.  Figures  <p,VS  through  C.Zo 
present  Cr\Q  ,  C ,  and  Cye  versus©^  for  R  =  2.0  and  3.5,  and 
for  wing  tips  extended  and  retracted. 

Lateral  -  dircctio:  al  stability  '■t  low  hypersonic  speeds  were  ob- 
taired  from  wind  tu.-x.el  vsts  on  the  model  144-2005,  a  similar 

*  t 


’5A6  l  «3 


no  V2.~ 


PACE 


(*.L 


2  7000 


"J*r 


:C 


**C  :i*i  i  21 


configuration,  at  Mach  numbers  af  2.08  (AFDC-2,  HAG  13 }  and  9.6 
(IPS-  il-Irch,  Test  47  in  air).  The  data  have  beer,  adjusted  for 
vertical  tail  sire,  planforn  and  cant  angle  (Firure^.t.  |  )•  The 
results  are  presented  in  Figure  4.^-3. 

Hir-h  hyxK>rso:.ic  soeed  data  were  obtained  at  Vach  17.3  (LRC  11- 
Ir.ch,  Test  47  in  sells:)  and  i!ach  16  and  22  (H-HST  006).  The 
helium  aa\a  were  obtained  on  a  rrdel  identical  to  the  low  hy- 
pereoric  speed  nodel.  The  hot  shot  da~a,  honer-ur,  were  on  a 
cor.e-cylir.der  body  configuration,  ar.d  additional  corrections  had 
to  be  cade  for  the  body  shape.  This  >-as  perf creed  by  comparing 
the  co-s-cyi inder  and  844-2005  body  e?  fee's  at  fach  9.6  and  adjust—] 
the  bach  22.-';  dai-a  accordingly.  Figure  (a‘i43:.o»rs  ths  lateral  — 
directicr.al  suability  characteristics  at  nigh  hypersonic  speeds. 
Characteristics  -»t  angles  of  attack  above  20°  were  extra polsted 
frotr.  lower  bach  nuabor  data, 

Ko  information  ia  currently  available  on  the  influence  of  alti¬ 
tude  (i.e.,  Reynolds  number )  variation  at  high  hypersonic  ? Deeds 
on  the  lateral  -  diroc  ioral  force-'  oaer.t  chare  at  eristics.  tJr.iil 
data  t-ececa  available,  it  is  assumed  that  tne  effect  of  altitude 
tviU.  h*  nerlif ible  on  Cn  ,  C j  and  Cv  .  The  primary  eff  st 
of  altitude  will  be  to  increase  boundary  layer  thickness.  2o»- 
ever.  the  areas  tf  the  glider  that  a^e  mst  important  ir.  estab¬ 
lishing  directional  stability  ere  the  glider  fore-bedy  and  ver¬ 
tical  tail;  regions  which  are  not  expected  to  have  significant 
boundary  lay^r  growth  because  of  short  boundary  \ayei  runs. 
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AILEKK  CHAfACTEftlSTICS  A-3S  ft7ECTI7SR=S$  I 

Aileron  effectiveness  cats  for  the  844*J2035  coniirpiratim  are 
presented  in  Figures  C-tS through  (*.AZ.  Summary  curves  of  Cj^  ,  1 

Cxvj^  end  C versus  .*iach  nunber  are  presented  oe  Fi.ur^a  t*.ZS»  | 

C-^asnd  o-.Vrto  shot  the  variation  j-stsrean  th«  "ach  r.-.rbersj  nor«  | 
detailed  data  are  presented  on  Figur-a  <*.;$,  through  •  j 

The  data  presented  are  based  on  tied  tunnel  d3ta  on  siriltr  cor.fig-j 
uratio.:S  adjusted  to  the  dirennione  of  the  844-2035  configuration*  j 
All  data  art  bst3.ib  ->r.  **.on  figurations  iriih  10°  swept  cievon  hJi:ga  | 
lines,  r.lnb  the  erejpt ion  of  the  t  ar-?o:-5  e  region  where  the  hingw  j 
line  v.as  unrt-apt.  The  effects  of  air  e  lino  Streep  have  rot  been  1 
established  precisely;  consequently  C-^  a;:i  Cy  cay  be  changed 
tmt-n  rind  tunrel  'lata  or.  the  844-2 configuration  beco-co  svr.il— 
able* 

The  hypersonic  aileror  cJiarac*  eristics  are  presented  for  both 
surfaces  deflected  sycretrically  shout  of  0  and  -30°  and  also 
for  one  sieve r  deflated  through  a  range,  of  1CP  to  -45°  while  the 
other  is  at  0°  deflection.  The  "crie-aurfacB-deflected"  data  are 
presented  fa  ord<jr  t j  iViliUte  satiration  of  the  effects  of  de- 
ilectiri^  tve  ailerons  unequally, 

The  sTJfact  of  altitude  (i.e. ,  Reynolds  msc'cer)  or  aileron  effec- 
tiY<T«?3s  ’a.  -irJLlar  to  the  effect  on  elevon  effectiveness  in  pitch* 
Aileron  effectiveness  is  influenced  by  a  thickening  boundary  layer 
with  increasing  altitude  which  c.icr^ascs  uns  eff stiver  ess.  High 
hypersonic  speed  het-uhot  data  shew  little  change  in  effectiveness 
however,  and  at  this  ttse  it  is  ossi rsd  that  aileron  chcracteris- 
tics  should  not  be  changed  sir.nlficjuitly  *itn  a’tit-rfe. 
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6.3  RUDDER  CfARACTERISTICS  AND  EFFDCTIVEKES3 

Rudder  effectiveness  data  for  the  844-2035  configuration  are 
presented  in  Figures  £-43throughfc.  5 1  .  Summary  curves  of 
^  ^V'C  *  and  C/fr  versus  Each  number  are  presented  on  Figures  4»  44 
G>.44  ,  and  <>,-45}  more  detailed  data  are  present  d  on  Figures  <oA(o 
thrci.gr.  (p .5 1 .  The  data  presented  are  based  on  wind  tunnel  data  or» 
sirilar  configurations  adjusted  to  the  dimensions  of  the  844-2035. 

Landing  speed  rudder  ef f ectiveness  is  based  on  preliminary  data 
from  BTV.T  619.  Transonic  and  supersonic  effectiveness  were  ob¬ 
tained  x'ror.  wind  tunnel  tests  of  a  nodel  814-1047  at  V  =.905, 

2.0  and  3.5.  The  hypersonic  characteristics  are  presented  for 
E=S,  based  on  a  nodel  sirilar  to  814-1050  at  AEDC-B  (test  BAC  3). 
These  characteristics  are  currently  considered  to  apply  for  higher 
hypersonic  speeds.  The  effect  of  altitude  (i.e.,  Reynolds  number) 
is  assumed  to  be  negligible* 
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ROLL  AI«D  YA.'.’  ROTARY  DERIVATIVES 

The  roll  and  yarn  rate  damping  derivatives  are  pr^sent^d  on 
Figures  Cm.%1.  and  {..«  for  various  angles  of  attack  at  landing  speed, 
and  on  Figures  and  css  for  various  Mach  numbers.  The  landing 
speed  derivatives  are  presented  in  the  fom  that  they  would  be 
obtained  Iron  rotary-derivative  ■wind  tumel  tests.  The  derivatives 
present’d  versus  “ach  number  incj ude  a  theoretical  estimate  of  the 
contribution  due  to  rate-of-change-of -sideslip.  This  estimate  is 
included  in  order  to  permit  use  of  these  rotary  -erivn tives  for 
root-solutions  and  simulator  studies  where  rate-of-change-of-side- 
slip  :  ay  not  be  desired.  Further  study  may  alter  this  estimate 
significantly. 

The  landing  speed  rotary  derivatives  are  based  upon  preliminary 
Langley  Research  Center  rotary  derivative  test  data  on  a  model 
of  configuration  814-2002,  a  model  of  the  RASA  Space  Ferry  (similar 
to  the  Dyne  Soar  glider),  and  the  Bell-Martin  Fhase  I  Dyna  Soar 
glider  (Reference  b  ).  The  data  have  been  correlated  by  theoret¬ 
ical  computations  rh_ch  are  based  on  steady  rolling  or  steady 
yawir.g  (Reference  c  )• 

The  rotary  derivatives  versus  Mach  number.  Figures  and  G-SS  ^ 
were  obtained  from  Figur'sG.&'Gand  (..’i'i  for  landing  speed,  and  the 
variation  with  Mach  number  was  obtained  from  theoretical  formulae 
and  rotary  derivative  tests  of  the  X-15  airplane  (Reference  d  )• 
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GLIDER  TOTH  TRASS ITT OH  SECTION  j 

The  addition  of  the  third  stage  rocket  and  transition  section  to 
the  glider  moves  the  center  of  gravity  rearward  and  changes  the 
glider  pitch  and  yaw  characteristics.  These  effects  aro  reflected 
in  the  longitudinal  and  lateral -directional  stability  data  shown 
in  Figures  7.1  through  1-13  .  T/ind  Tunnel  data  available  for 
pitch  characteristics  were  -*sed  from  U=. 1  to  M=iS;  at  lower  and 
hi'her  speeds,  theoretical  estimations  were  necessary.  The  lateral 
directional  data  were  estimate'- ,  The  reference  centers  of  gravity 
for  the  moments  were  those  for  che  instant  of  ignition  of  the  third 
stage  rocket  and  at  burn  out  after  19  seconds  of  rocnet  burn!'  g. 

The  c.g.  moves  forward  8.8£  m.a.c.  during  third  stage  powered 
fl-  ght.  Present  plans  include  modifying  the  transition  shape  and 
length  from  that  snown  to  reduce  the  zero  lift  pitching  moment  and 
to  increase  the  glider  static  stability  at  transonic  speeds.  The 
effect  of  change  of  shape  to  reduce  the  zero  lift  pitching  moment 
has  been  estimated  and  included  in  the  data  shown.  The  effect  of 
length  i*,  increase  stability  has  not  been  included. 
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The  addition  of  the  transition  section  to  the  glider  creates  pos¬ 
itive  zero-lift  pit  chine  moment  and  reduces  the  vehicle  normal 
force.  This  effect  is  most  prevalent  at  subsonic  and  transorie 
speeds,  dinminishirig  at  supersonic  speeds.  The  increments  of 
normal  force  and  pitching  ronent  for  various  angles  of  attack  and 
Mach  numbers  with  no  eleven  deflection  were  determined  from  rind 
tunnel  tests  of  an  early  configuration  and  modified  to  reflect 
the  current  configuration.  Data  -mere  available  for  a  range  of 
speeds  from  U.  »  .7  to  If  -3*5.  These  increments  were  added  to  the 
glider-alone  data. 

The  data  reflect  the  66  inch  transition  length  tested  rather  than 
the  55  inch  length  shown  in  Reference  a.  .  The  transition  length 
vrill  be  established  from  aerodynamic  and  performance  requirements. 
The  55  inch  length  represents  a  logical  separation  plane  from 
structural  design  considerations  since  the  pressure  bulkhead  for 
the  heat  blast  diaghram  is  located  in  that  region.  However, 
sufficient  static  stability  may  not  be  available  from  the  55  inch 
transition  section. 

Two  center  of  gravity  locations  are  shown  on  the  plots  in  Figures 
'l  l  through  1-8  .  These  are:  (1)  the  initial  center  of  gravity 
at  the  instant  of  separation  from  the  second  stage  and  (2)  the 
center  of  gravity  at  rocket  burnout. 

lines  of  constant  eleven  deflection  and  constant  angle  of  attack 
are  shown  only  for  the  initial  center  or  gravity  location  at  *562 
n.a.c.  "ther  fore  and  aft  center  of  gravity  locations  can  be  rep¬ 
resent?.  -  on  these  plots  by  a  rotation  of  the  vertical  (CM  )  axis* 
This  rotation  is  shown  for  the  center  of  gravity  at  rocket  oumoat 
of  .474  m.a.c.  The  vertical  center  of  gravity  location  is  assumed 
fixed  when  the  CN  axis  is  rotated  to  represent  a  different  fore 
and  aft  career  of  gravity  locatiote. 

The  following  method  can  be  used  to  determine  the  amount  of  rotaticr 
of  the  C*  axis  required  to  represent  other  center  cf  gravity 
locations,  (1)  Assume  center  of  gravity  travel  linear  with  bum 
time  (t)# 


Then  determine  the  center  of  gravity  location  in  present  m.a.c. 
for  the  time  (t)  desired  as  shovci  in  the  sketch  above. 
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(2)  Shift  the  CN  axis  to  reflect  the  center  of  gravity  location 
for  the  tine  ( t  ) , 


Sxuap^e?  Shift  the  center  of  gravity  2  percent  m.a.c-  forward* 

(1)  jocate#  on  tiie  C^vtC^.paot  the  point  at  £,'1.0  and  C>„  =  .02. 

(2)  Drew  a  line  through  the  point  and  the  origin  ad  sho-n  in  the 
sketch  belosr. 
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LATKTJ.L  AM)  DIR^CTIOKAL  STA'-MLIIT  A'D  CO).*M?Cf. 

Static  direct’ >ral  stntilif-  cnai”.  uteris  l;  cs  arc  uresc  ted  in 
Figures  i1)  a:  d  7-*°  for  the  effects  of  angle  of  att-aek,  folding  tring 
tip  extensions,  and  center  of  gravity  location*  Theoretical  es- 
tissa  tiers  for  the  effects  of  the  transition  section  were  added  to 
the  glider-alone  stability  derivatives..  The  data  represent  the 
glider  plus  transition  section  aerodynamic  characteristics  reason 
ably  T.ell  for  -5°  sideslip.  Ihe  data  shows  the  fold  down  tip  In 
the  down,  or  extended,  position  to  II  =3«5.  The  precise  speed  to 
which  thn  folding  tips  Trill  be  ext  nded  is  to  be  determined. 

The  ©’'facts  of  rudder  deflection  or.  the  glider  plus  transition 
directional  characteristics  are  shotm  in  Figures  1.u  through  1  13 
for  two  angles  of  attack.  The  effectiveness  differs  from  the 
glider-alone  characteristics  because  of  the  center  of  gravity 
lcc  tior. 
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